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Abstract
· AIM:Toinvestigatetheroleoftissueplasminogen
activator(t-PA)andplasminogenactivatorinhibitor(PAI)
inproliferativediabeticretinopathy(PDR)andtodiscuss
the correlations among t-PA, PAI and vascular
endothelialgrowthfactor(VEGF)expressions.
· METHODS: A total of 36 vitreous samples were
collectedfrom36patientswithPDR(PDRgroup),and17
vitreous samples from 17 patients with idiopathic
macularholewereusedascontrol.Theconcentrationsof
t-PA,PAIandVEGFinsamplesweredeterminedby
ELISAmethod.Thecorrelationsamongt-PA,PAIand
VEGFexpressionswerediscussed.
· RESULTS:Theconcentrationsoft-PA,PAIandVEGF
inthePDRgroupweresignificantlyhigherthanthosein
thecontrol group ( <0.001).Thet-PAandPAI
expressions were highly correlated with the VEGF
expression( <0.001).
· CONCLUSION: In addition to VEGF, a variety of
bioactivesubstances,suchast-PAandPAI,areinvolved
inthepathogenesisinvolvedintheangiogenesisofPDR.
VEGFcanactivatet-PAexpression,resultingincollagen
tissuedegradationandangiogenesis.VEGFmayalso
activate the mechanism for endogenous anti-
neovascularization.
· KEYWORDS: proliferativediabeticretinopathy;vascular
endothelialgrowthfactor;tissueplasminogenactivator;
plasminogenactivatorinhibitor;angiogenesis
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INTRODUCTION
R
etinalneovascularizationcaninducethetransformation
ofdiabeticretinopathy(DR)intoproliferativediabetic
retinopathy (PDR),includingrepeatedvitreoushemorrhage
andtractionalretinaldetachment,whichistheleadingcause
ofblindnessamongdiabeticpatients.Therefore,methodsfor
thepreventionandtreatmentofDRneovascularizationare
importanttoimprovethelifequalityofpatients.PDRis
classifiedunderretinalmicroangiopathyandischaracterised
byneovascularization. Manygrowthfactors,including
vascularendothelialgrowthfactor(VEGF),basicfibroblast
growthfactor,insulin-likeNagaInnokogrowthfactor,
hepatocytegrowthfactorandtumournecrosisfactor,are
involvedinthepathologicalprocessofPDR
[1] Experiments
showthattheoccurrenceanddevelopmentof retinal
neovascularizationiscloselyrelatedtoVEGFregulation
[2,3].
Some biologicallyactivesubstances, suchastissue
plasminogenactivator(t-PA)anditsinhibitor[.,
plasminogenactivatorinhibitor(PAI)],participatingin
neovascularization,particularlyinVEGFexpression
[4],are
beinginvestigated.Hight-PA,PAIandVEGFexpression
levelsarefoundinpatientswithretinalischemicdiseases,in
whichbotht-PAandPAIexpressionsaresignificantly
correlatedwithVEGFexpression
[2].Inretinalischemic
diseases,theretinaproducesalargeamountofVEGF,which
specificallyactswiththeVEGFreceptorinendothelialcells
andparticipatesineachneovascularizationstep
[1].VEGF
inducesthesynthesisandreleaseofcellcollagenase,
endothelialcellmigrationandproliferation,aswellasthe
changeintheactivationstatusofendothelialcells.VEGF
alsoupregulates t-PAandPAIexpressions,thereby
promoting endothelialcell division,proliferationand
migration, improving thevascularpermeabilityand
increasingrelatedenzyme activitieswhichchangethe
extracellularmatrix
[5].VEGFisamultifunctionalcytokine
thatisimportantinretinaandirisneovascularization
[6].VEGF
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activatesthemainprocessofvascularproliferationandis
involvedintheentireneovascularizationprocess.Retinal
neovascularizationisacomplexpathophysiologicalprocess
accompaniedwithaseriesofchangesinperipheralcellsand
basementmembrane.Therefore,VEGFisnottheonly
significantfactorinretinalneovascularisation
[7,8].PAIand
t-PAarealsoimportantinneovascularization.Anormal
humaneyehasacertainlevelofPAIexpression
[3].Some
studiesshowrelativelylowt-PAactivityandhighPAI
activityindiabeticpatientswithPDR.TheseverityofPDR
anddurationofdiabetesarenegativelycorrelatedwitht-PA
activitybutpositivelycorrelatedwithPAIactivity
[9,10].
Inthisstudy,therolesoft-PAandPAIinPDRwere
investigated.Thecorrelationsbetweent-PA,PAIandVEGF
expressionswerediscussed.Thisreportprovidesinformation
on thepathophysiologicalprocessofretinal
neovascularizationinPDRandreferenceindexesforDR
preventionandcontrol.
SUBJECTSANDMETHODS
ReagentsandApparatus VEGFELISAkit(Sigma),t-PA
ELISAkit(Sweden),PAIELISAkit(Sweden)andMetretec
960enzymemarkinstrument(450nm,USA)wereusedin
thisstudy.
SamplePreparation Thestudywasconductedinagreement
withtheguidelinesoftheDeclarationofHelsinki.All
specimenswerecollectedattheGeneralHospitalofNingxia
MedicalUniversityandafterobtaininginformedwritten
consentunderaGeneralHospitalofNingxiaMedical
UniversityInstitutionalReviewBoardapprovedprotocol.
Thirty-sixvitreoussampleswerecollectedfrom36patients
withtype2diabetesmellituscomplicatedwithPDR(PDR
group).Other17vitreoussamplesfrom17patientswith
idiopathicmacularholewereusedascontrol.Conventional
three-portparsplanavitrectomywasperformed.After
closingtheperfusion,thevitrectomyprobewasinsertedinto
thecentralvitreouscavitytoinciseanddraw0.3mLof
vitreous.Thevitrectomyprobewasthenextracted.Patients
withpreviousintraocularsurgerywereexcluded,andno
pre-treatmentwithanti-VEGFswasperformed.Some
patientsreceivedcombinedphaco-surgerysimultaneously
afterobtainingvitreousbodyspecimen.Theextracted
vitreouswastransferredintoa0.5mLsterileEppendorff
centrifugetubeandpreservedinarefrigeratorat-20℃ for
furtheruse.
Determinationoft-PA,PAIandVEGFConcentrations
Thevitreoussampleswerecentrifugated.VEGF,t-PAand
PAIconcentrationsweredeterminedbyELISAmethod.
Resultswerepresentedwiththe -valueofsample
absorbance(A) to blank.Thestandardcurve( ,
concentrationofstandard; ,A)wasdrawn,andthet-PA,
PAI,andVEGFconcentrationsinsampleswerecalculated.
Datawereexpressedasmean± SD.Correlationandsimple
regression analysis and -test were performedfor
comparisonsbetweentwogroups.
RESULTS
ExpressionLevelsoft-PA,PAIandVEGF Atotalof36
patients(including16malesand20females,averageageof
63.3依10.6y)werecollectedinthestudy.Thepatientswere
selectedinaccordancewiththeInternationalClinical
Diabetic RetinopathyDiseaseSeverityScale(2002).
Simultaneously,other17patients(including6malesand11
females,averageageof61.4依8.7y)withidiopathicmacular
holewereidentifiedascontrol.Resultsdemonstratedthat
t-PAwasabsentintwocasesfromthecontrolgroup.Table1
showsthatthet-PAandPAIexpressionsinthePDRgroup
aresignificantlyhigherthanthatinthecontrolgroup( <0.001).
CorrelationsAmongt-PA,PAIandVEGFExpressions
Figures1and2showthatt-PAandPAIexpressionswere
significantlycorrelatedwithVEGFexpression( ,VEGF
concentration; ,t-PAconcentration; <0.001).PAI
expressionwasalsosignificantlycorrelatedwithVEGF
Table 1 Expressions of t-PA, PAI and VEGF in two groups 
Cytokine  PDR group (µg/L)  Control group (µg/L) 
t-PA  1.01±0.8
b  0.2±0.4 
PAI  6.8±6.1
b  1.7±1.5 
VEGF  16.4±12.3  2.5±1.8 
bP<0.001 vs the control group. 
Figure1Therelationshipbetweentheexpressionoft-PAand
VEGFinPDR.
765expression( ,VEGFconcentration; ,PAIconcentration;
<0.001).
DISCUSSION
Recentstudiesshowthattheoccurrenceanddevelopmentof
retinalneovascularizationarecloselyrelatedwithVEGF
regulation
[8].VEGFisthemostspecificmitogentomitogen
mostspecifictovascularendothelialcells,causing
endothelialcelldivisionandproliferationandincreasing
vascularpermeability.VEGFishighlyexpressedinvarious
proliferativelesionsofretinalvessels
[11-13].Studyingthese
bioactivesubstancesprovidesthoroughunderstandingofthe
pathophysiologicalprocessofretinalneovascularization,
whichcanbeusedasbasisfordevelopingnewPDR
treatmentstrategies.
Withregardtomorphology,vascularproliferationisaseries
ofbiologicalprocesses,whicharederivedfromoriginal
vasculartissuestructureandterminatedwithnewvascular
tissuestructure.Inthisprocess,vasculartissueformationand
newmatrix componentproductionalwaysexist.
Microvascularpermeabilityis initially changed.
Subsequently,theintravascularplasmaproteincomponents
entertheextravascularspace.The extravascularfibrin
componentsthenevolveintoahotbedforproliferationand
growthofnewvasculartissues.Cellmatrixdegradationisan
importantpreconditionforendothelialcellproliferationand
migration.Afteractivationofrelatedenzymes,thebasement
membraneisdegradedformitosisandmigrationofvascular
endothelialcellsonmicrovascularinnerwall
[10,14].Studieson
tumorsvasculartissuesshowthatt-PAplaysamajorrolein
endothelialcellmatrix degradation.Inaddition,the
expressionlevelsofbioactivesubstances,suchast-PAand
VEGF,areimportantindicatorsofrecurrenceandprognosis
ofsometumors.
Inthisstudy,thet-PAconcentrationinPDRgroupis
significantlyhigherthanthatinthecontrolgroup.Thus,t-PA
ishighlyexpressedinPDR,andt-PAmayplayanimportant
roleinPDRoccurrenceanddevelopment
[4,14,15].Resultsalso
showthatmostofthepatientsinthisstudyareintheactive
oradvancedstageoflesion.Inaddition,t-PAexpressionin
thePDRgroupissignificantlycorrelatedwiththeVEGF
expression
[16].InPDR,whentheVEGFexpressionincreases
theretinalcapillary permeabilityandexosmosisof
intravascularfibrincomponents,t-PAisactivated,whichthen
inducestheextracellularmatrixandvascularendothelialcell
basementmembranedegradation.Cellmatrixdegradation
processisanimportantpreconditionforendothelialcell
proliferationandmigration.Specifically,afteractivationof
relatedenzymes,thebasementmembraneisdegradedforthe
mitosisandmigrationofvascularendothelialcellsonthe
microvascularinnerwall.Thus,t-PAparticipatesinvascular
proliferationandacceleratesneovascularization.However,
thismechanismneedsfurtherconfirmation.
ResultofthisstudyshowsthatPAIisalsosignificantly
expressedinthePDRgroup,andthePAIexpressionis
significantlycorrelatedwiththeVEGFexpression.Although
acertainlevelofPAIexpressionisfoundinnormalhuman
eyes,highPAIexpressionshowssignificantconnectionwith
PDR
[9,10]. Thus,duringactivationofretinal
neovascularization,VEGFmayactivatetheendogenous
anti-neovascularization.Furtherstudiesonthismechanism
providedeeperunderstandingofthepathophysiological
processofretinalneovascularizationandserveasabasisfor
the development of therapeuticstrategiesfor retinal
neovascularization.Hight-PA,PAIandVEGFexpression
levelsarefoundinPDRpatients.PAIandt-PAexpression
aresignificantlycorrelatedwithVEGFexpression.Therefore,
VEGFandavarietyofbioactivesubstances,suchast-PA
andPAI,areinvolvedinretinalneovascularizationinpatients
withPDR.Duringthisprocess,VEGFinducesthedivision,
proliferationandmigrationofvascularendothelialcellsand
simultaneouslyactivatesrelatedenzymes( t-PA),which
degradethe basementmembraneandpromote
neovascularization.Inaddition,VEGFmayactivatethe
mechanismforendogenousanti-neovascularization.
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Figure2ThecorrelationbetweentheexpressionofPAIand
VEGFinPDR.
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